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ABSTRACT

The author has studied inflatable drag devices (balute = baloon + parachute) for
decderation in the atmosphere of Venus, for both direct aerocapture and for entry
from circular orbit.  The studies indicate that ballutes made of thin materias
capable of temperatures of about 500 C alow an entry system mass that is , for
both aerocapture and entry, less than with the conventiona entry body. For
aerocapture the exit conditions are controlled by measuring the velocity loss and
releasing the ballute when the desired exit conditions are indicated. A devel opment
program is necessary to explore the ballute shapes and changes in flight and to
mitigate possible ingtabilities.  To design an entry vehicle using a bdlute the
designer takes the vacuum orbiter or the lander as it is on the surface, chooses one
surface to attach the balute, and places an MLI blanket on the other end.

PRIOR BALLUTE STUDIES

Bdlutes seem to have been invented in the forties and fifties to reduce the ground impact speed of
empty sounding rockets or rocket casings. The investigators probably discovered that the mass of
abdlute, inflated at high dtitude, to dow a returning high dtitude sounding rocket was less than the
mass of a necessarily stronger parachute system that would open at low Mach number and high
pressure. In the late sixties sudies and wind tunnd tests were performed (1,2) by Goodyear and
NASA Langley with aview to usng balutes to assst deceleration of the Viking landers at Mars, but
these balutes were deployed after peak deceeration and hesting, thus having limited potentid to
change the entry trgectory. A mushroom shape was found to be more stable than a sphere.  In
1976 the authors of Ref. 3 proposed to use a bdlute inflated prior to entry into Venus. They
proposed a bdlute of mass over 300 kg and computed the ablation during entry, and evauated
some candidate materials.  In the mid eighties sudies of balute materials were done at Langley,
but again the concept was to deploy balutes after peak entry decderation and heating.  In recent



years NASA Ames has studied drag modulation of vehicles equipped with inflatable components
(Ref. 4).
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Propulsion Laboratory, Cdifornia Ingtitute of Technology, under contract of the Nationa
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RECENT STUDIES

In the past five yearsthe author has studied the use of balutes for aerocapture and entry at severa
planets, including a Mars orbiter and a Pluto lander, both reported in Ref. 5. Other gpplications
not yet reported are balutes a Neptune, Saturn, Jupiter, Titan and Earth. The present report
describes balutes gpplied to aerocapture a Venus of a sample return vehicle at direct entry, and to
subsequent entry from acircular orbit after a plane change at a high apoapsis and aerobraking. (Ref.
6).

BASIC BALLUTE ENTRY

Entry usng a large ballute dragged behind a payload reduces the entry convective hegting rate to

levels that can be radiated away thermally without ablation at surface temperatures on the order of

500 C, so that very thin baloon materia can be used, inflated to alow pressure.  For example, a
balute that has ten times the diameter of a payload package will have 100 times the areg, thus

experiencing peak heating a 0.01 of the atmospheric dendity value for a payload contained in a
conventiond entry vehicle. That is, the pesk heeting rate of the payload is now 0.1 of the prior

vaue, and the peak heating rate on the ba lute is about 0.03 of the prior payload vaue. Fortunately

there isamaterid (Kapton) that can take 500 C temperature while retaining enough strength (5600

ps, Ref. 7) to function as abaloon, and there is amaterid (PBO = Polyboxoxazole, a liquid crystd

polymer) that has auseful leve of strength at 600 C to function as anet (Ref. 7).

BALLUTE SHAPES

The balute concept isillugrated in Fig. 1. Although a balute greatly reduces the peak convective
hesting (and dso the radiative heeting), there is only a smal reduction in the pesk g load due to
drag, and therefore the bdlute must be enclosed in a net that surrounds the bdlute and
communicates the total drag force to the payload. A bdllute deployed from the rear of a payload,
as illugrated in Fig. 1(a) has the advantage that the heating rate on the payload is reduced to the
balute leve, but release of the bdlutein aerocapture may not be easy. In Fig. 1(b) the bdlute is let
out on atether, so that releaseiseasy. Figure 1(c) shows alens (or pancake) shape, which ismore
efficient than a sphere as adrag device, having a higher drag coefficient Cd (about 2 instead of 0.9)
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and a smdler surface area (about hdf that of a sphere). Figure 1(c) can dso be a disk with an
outer ring, issSmilar to alensin regard to drag area, but has even less materid. For the lens and the
disk one needs inflatable tubing deployed from the rear of the payload to help deploy the lens and
disk balute materid in vacuum prior to entry.  Thereis evidence (Ref. 8) that in conditionswhere a
strong bow shock is formed ahead of the payload, there will be interaction with the bow shock of
the balute, leading to flow ingability in the form of oscillations between different modes, perhaps
aufficiently seriousto invaidate accurate measurement of balute drag.  The remedy suggested is to
have aring balute asin Fig. 1(d). Also, to avoid heating pesks at the edges (Ref. 9), the circular
disk of Fig. 1(c) and the annular disk of Fig. 1(d) require inner and outer rings of diameter about
10% of the disk dimension, so that the mass of a balute materid in a disk with the necessary inner
and outer rings will be about that in alens, and thiswill be assumed in the mass cdculations below.

AEROCAPTURE AND ENTRY

Figure 2 shows the ddtaV loss in an amospheric pass, as a function of the entry angle, for a
number of ballutes with various vaues of B =nVCdA. The graphs of detaV loss take the form of

steep, dmost raight lines.  To aerocapture into a chosen orbit a certain deltaV isto belost.  For

example, the exit speed at dtitude 140 km for Venusis 10207 m/s just to capture into along-period

liptic orbit, and is 7300 m/s for a close circular orbit. For an entry speed of 11500 m/s the

corresponding delta-V losses are about 1300 and 4200 m/s.  In the sample return case a deltaV

loss of about 1500 +/- 100 m/s would be a suitable target.  To perform aerocapture with a balute
one would choose an entry angle to give a least the minimum ddtaV that one wishes for a
complete amospheric pass, dlowing for error in ddivery (i.e, entry angle error) and for difference
between the assumed atmosphere and the actud atmosphere. For a given known entry mass m one

evauates trgectories with increasing sze (decreasing B = m/CdA, where Cd is the drag coefficient

and A isthe frontd area). From the trgjectory one can find the peak hesting rate for a particular

gzeof balute, and from a radiative balance one finds the pesk temperature that the balute would

experience. Presently available balute materids have a pesk temperature limit of about 500 C.

At the bottom Fig. 2 shows the entry angle range due to errorsin the B plane (5 km) radius. One
would choose a ballute large enough to keep the peak temperature below 500 C or so, and an
entry angle that would give too much delta-V, even accounting for ddivery and atmaosphere errors,
and then release the ballute at a measured ddta-V that would give the desired exit speed for the
orbiter after release.

For comparison, Fig. 2 shows on the right the ddtaV parameters for conventional solid body
aerocapture.  The curves are shown for abody with lift/drag L/D ratio zero, and for steady upward
lift for vehideswith L/D =1 and 2, and downward lift for L/D = -1 (the L/D = -2 case is amilar).
These curves define an entry corridor. By entering about the center of the corridor, measuring the
aero forces experienced, the vehicle can compute what L/D it must fly to the exit to emerge with
the chosen deltarV.  One can see that the entry angle for bdlutes is aout one hdf that for solid
bodies. The mgor differenceisin the stagnation pressure and the heeting rate, which are very small
for balutes, while the g-loads are comparable, requiring the ballute to be enclosed in anet.
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AEROCAPTURE CORRIDOR

The aerocapture corridors for the Venus ballutes are shown in Fig. 3, drawn for direct entry at V =
11.5 knm/s a dtitude 140 km, into a andard Venus atmosphere (Ref.9) The graphs of exit V for
sx bdlutes, 1 to 6, of varying B, are steep lines which change a ballute release, shown at 10,300
m/s for al 6 balutes and at 10,500 mV/s for balutes 4 and 6, becoming lines doping moderately
down to theright. By choosing the bdlute size, the entry angle, the release velocity, and the B
vaue of the orbiter after release, one can determine the exit V within acceptable limits.

AEROCAPTURE TRAJECTORIES

Aerocapture trgectories were computed for the sx balutes of Fig. 3 and with rdlease & V =
10,300 m/s.  Figure 4 shows the pesk stagnation pressure, Fig. 5 shows the peak convective
hesting, gref, expressed relative to the stagnation point of a reference body with nose radius 0.43 m
flying the same trgectory as the ballute, and then the orbiter after release.  Fig. 6 shows the pesk g-
load, gmax, and Fig. 7 shows the added ddlta-V lost by the orbiter after baluterdlease. Fig. 7 dso
shows Qref, the time-integral of qref.

BALLUTE COMPONENTS

The ballutes computed here are assumed to have 5 components. 1) the drag disk of radius R
(Kapton, 10 gm/m2 sheset), including the inner and outer rings, totaling about the same materid as a
lens (i.e., two surfaces) of the same diameter; (2) a net (PBO fibers) whose total cross sectiond
area must support the total pesk drag force; atendle strength of 56 kg/mmz2 is assumed, and a
length of 6R; (3) tubing (PBO) to be inflated to help the balute materid deploy to the desired
shape in vacuum prior to the entry (assumed to be ten disk diametersin length, pressurized to 1 atm
in 5 cm diameter tubing of thickness 2 mil, athickness that gives 10 times the burst pressure cold,
and equd to it when at 600 C); (4) an amount of pressurant hdium gas aufficient to inflate the
tubing to 1 atm and the rings of the disk to about 100 N/m2 (at least as great as the peak shock
layer pressure); and (5) a He bottle of mass equa to that of the He.  The tendle strength assumed
for the net is the room temperature value; behind the balute the net is shidded from stagnation
heeting, and in front it is assumed that the net materid is shidded by the tubing or in some other
way. The materids of the ballute were assumed to be either 10 or 20 gm/m2 Kapton, or 20 gm/m2
of PBO. Theredative mass of the components varies with the balute radius, R. The tubing and the
net vary as R, the net varies dso as gmax and m, the ballute fabric mass varies as R squared, and
the He mass varies as R in the tubing and as R squared in the lens or rings. It turns out that the He
gas mass is rdatively smdl, and only the three main components - bdlute, net and tubing will be
ggnificant here. Sx vaues of m/CdA were computed, and for each of these vaues one can vary m
and thus R, so that the fraction of mass required for the badlute and its components varies with the
assumed entry mass, m.

BALLUTE MASS



Since the governing parameter for a bdlute trgectory is B = m/CdA, it is useful to begin with a
ample mass of 100 kg and a chosen B = 1 kg/m2, for example. Then, with Cd = 2 for a disk or

lens, and A = the area of the circle, one can find the corresponding radius R.  From the vaue of

grefmax one can compute the peak bdlute heating and the equilibrium radiative peak temperature,

Tmax, and then find abdlute B vaue that brings Tmax below 500 C (773 K). Thereafter one can
increase A to suit the desired entry massm.  The basic balute mass components (excluding He gas
bottle, ballute release device, balute cover or container) are shown in Table 1 for representative

Venusdirect entry at Veld0 = 11.5 km/s and m = 100 kg.

Table 1. Bdlutefor Direct Venus Aerocapture, Vel40 = 11.5 km/s,

based on 100 kg entry mass
B=m/CdA kg/m2 1 05 025 010 0.05
Radius R, m 40 566 80 1265 17.89
Entry angle, deg 38 38 35 30 30
pmax, N/m2 101 87 22 13 10
grefmax,W/cm2 270 227 127 92 76
gmax 529 913 453 6.7 109

massof lenskg1.11 222 444 1111 22.13
massof net, kg0.34 083 1.06 136 219
mass of tubing, kg 124 175 247 392 555

mass of Herings .0035 .0083 .0278 .1098 .3104
mass of Hetubing .0356 ,0503 .0709 .1125 .1593
total masskg 275 486 807 1661 30.34
(exduding He bottle and fittings)

Tmax, degK 1219 1025 849 740 675
Tmax,deg C 946 752 576 467 402

These masses and the values of R are for an entry massm of 100 kg nominal. They scdeas area
with m, lens mass with m , net mass with m and R, tubing mass with R, He mass with m for rings
and R for tubing.



CIRCULAR ORBIT ENTRY

Trgectories were computed for entry angles of 1.5, 2.0, 2.5 and 3.0, a dtitude 140 km, at an entry
gpeed of 7217 m/s, for six ballute sizes (B= 1., 0.5, 0.25, 0.10, 0.05, and 0.025 kg/m2. Table 2
shows parameters for an entry angle of 2 deg, for six bdlute szes and dso for atypicd solid entry
body with B = 60 kg/m2. It can be seen that the balutes have much smaller pesk pressure and
pesk hesting (the gref values are approximately the vaue for a payload package, snce the reference
radius 0.43 m is comparable with that of the payload, the bdlute rate will be consderably less), and
decelerate much higher in the atmosphere, and with a much smdler range (from the entry point to
the point with V=100 m/s). We note that the peak g-load is smilar, communicated to the payload
viathe net enclosing the balute.  For example a payload on a balute with B = 0.10 kg/m2 has
peak pressure reduced by about 700 times, and peak heating reduced about 30 times, compared to
the payload entering in atypicad solid body. It may be sgnificant that the range is down by about a
factor of 2, since one would expect the footprint to be less a so.

Table2. Venus Circular Orbit Entry Bdlute Parameters.

Veld0 =7217 m/s, entry angle a 140 km = 2.0 deg

B=n/CdA, pmax qgref gmax Range, Qref peak hesting dtitude
kg/m2 max km  Jom2 densty speed dtitude at 100m/s
W/cm?2 kggm3 m's km  km
1.0 240 97 125 983 608 .35(-5) 6080 112 88
0.5 119 6.8 124 905 427 .18(-5) 6011 114 91
0.25 59 477 124 825 299 .86(-6) 6056 118 93
0.10 233 295 121 720 184 .317(-6) 6095 122 96
0.05 114 207 119 640 126 .154(-6) 6107 124 99
0.025 546 147 115 561 85 763(-7) 6120 128 101

60 (solid) 15400 82 13.1 1435 4715 .238(-3) 6125 96 68
VENUS BALLUTE MASSES

From the trgectory data for direct hyperbolic entry and for the entry from circular orbit , given an
entry mass, one can evaduate the bdlute radius and hence the pesk radidive equilibrium
temperature. The peak temperature, Tmax, is shown in Fg. 8 for entry masses of 100 and 400
kg, and dso for specific Venus Sample Return masses (Ref. 9) of 2065 and 3000 kg for direct
entry, and 500 and 1100 kg considered for entry from circular orbit. Vaues of Tmax are shown
for two vaues of the bdlute materid emissvity, 0.5 and 0.7, believed to bracket the true vaue for
films of the thickness considered here, 7 to 14 micron (10 to 20 gn/m?2).

The balute mass, determined from the components shown in Table 1, is shown in Fig. 9 as a
function of balute and radius and as a fraction of entry mass for entry mass of 100, 400, 2065 and
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3000 for direct entry, and for mass of 500 and 1000 kg for entry from circular orbit. Two bdlute
thicknesses, 10 gm/m2 and 20 gn/m?2 are shown.

From Fig. 8, choosing a Tmax, e.g., 500 C for Kapton, one can evaluate the bdlute radius for the
appropriate entry mass, and from Fig. 9 one can evauae the mass fraction = bdlute system
mass/entry mass for that temperature and mass. Trgjectories were also computed for a direct entry
of an amosphere sample taken at low speed in the upper atmosphere without descent to the
surface.  The trgectories are Smilar to the surface sample aerocapture entry, but the bdlute is not
released. Data dmilar to those shown on Figs. 8 and 9 were prepared.  The outcome is shown in
Table 3, where the somewhat steeper entry cdls for a dightly larger balute and somewhat greater
net force. than in case 1. Trgectories were also computed for a fourth balute for hyperbalic
flythrough to return an aomized amosphere sample.  The entry mass was 800 kg and the entry
angleismore shallow than case 1, s0 that the bdlute is smdler and has a smaler mass fraction than
the surface sample return case.

The outcome for four balutesis shown in Table 3.

Table 3. Venus Sample Return Bdlutes: Mass Fractions

Misson Item

1. Surface sample, direct entry 2. surface sample, entry from circular orbit
3. ar sample, direct entry to low speed 4. hyperbalic flythrough, atom sample

1 2 3 4

Entry speed, km/s 115 7.217 115 115

Entry mass, kg 2491 1067 1960 800

bdlute mass dendty, gm/m2 10 10 10 10
Tmax, deg C 500 500 500 500
emissvity 0.5 0.5 0.5 0.5
radius, m 33 12 35 13
meass fraction, % 6.3 34 7.0 11
mass, kg 157 374 137 9
assumed mass, % 15 11 15 15
assumed mass kg 448 117 294 120

balute actua % of

dlocation 35.0 32.0 46.6 14

FLOW FIELD STABILITY



Reference 8 has indicated that adisk or lensform balute (Fig.1) will show interaction between the
bow shock from the front payload body and the bow shock of the rear balute body, in conditions
where the payload shock is substantiad.  The remedy suggested is to have a ring or doughnut
balute shape. It is appropriate then to consder the Knudsen number of the payload during
aerocapture and entry.  The mean free path of the free stream is shown in Fig. 10, and this can be
interpreted as about the Knudsen number of the payload, asit islikely to have adiameter of about 1
m. Itisnormdly accepted that aKn of 0.01 is necessary for a developed bow shock, and Fig. 10
shows that in the aerocapture case the ballute is released before this vaue is reached.  In the entry
case however, much of the drag occurs in developed continuum conditions, and a ring shaped
bdlute isindicated. One way to determine how large a hole the doughnut should have isto fly ring
bdlutes with different hole szes on a sounding rocket, to be deployed when in vacuum before
reentering the atmosphere, and record the behavior on accelerators and with a camera
Conceptudly the length of the tubing and net strands to the inner rings will be chosen so that the
drag force tends to keep the balute in the correct shape, even if the tubing disntegrates A find test
with actua high-speed red gas conditions should aso be done to demondtrate that one has a stable
balute functioning as predicted here. A therma andysis of the system should be done.  For
aerocapture one is likely to find free-molecular conditions on the thin tubes used for deployment,
which may aso carry the strands of the g-load net, and to find continuum conditions on the balute,
while the payload body isin an intermediate regime.  For an entry bdlute Smilar conditions will be
met briefly, and then al



three objects - bdlute, payload and tubing - will move towards continuum flow conditions. The
consequences for heating are important.  For example, the small objects (tubing and net strands)
will have a hedting limit a the low dengty for aerocapture, but not at later entry conditions during
entry.

BALLUTE MATERIAL DATA

The available data on strength versus temperature (Ref. 4) for Kapton and PBO seems to leave
some questions unanswvered.  Kapton is avalladle in films commercidly down to thicknesses at or
below the 7 micron (10 gm/ym?2) proposed here, and PBO is available commericaly as fibers, and
can be made in film form in limited quantities, with varying thickness in the range 10-30 gmym2.
Ref. 4 gives graphs for the tensile strength of PBO film and Kapton film (in the machine direction),
and some vaues are shown in Table 5. In this paper the net, made of PBO, was evauated with a
cold strength of 56 kg/mm2, and the balute fabric was assumed to be Kapton, 7 micron film with
grength 5.6 ks (3.943 kg/mm2) a 500 C. Ref. 4 gives a table comparing materia properties,
liging PBO with tendle strength of 56-63 kg/mm2, and gives a curve in the machine direction with
the values of Table 4, as wdl as a srength of 820 ks (576 kg/mm?2) for high performance PBO
fiber.

Table 4. Bdlute FHlm Strength Versus Temperature.

Temperature Tendle strength, ks and (kg/mm2)

degC Kaptonfilm  PBOfilm Gengrd PBO film High
(machine performance
direction) PBO fiber

20 30.0(21.1) 140(98.9) (56-63) 820 (576)

100 225(15.8) 120(84.4)

200 15.3(10.8) 90(63.3)

300 11.0(7.7) 70 (49.2)

400 79 (555) 65(45.7)

500 56 (3.94) 44(30.9)

It would seem that one could find high-performance PBO fibers for the balute net that would be
much stronger than the 56 kg/mm2 assumed in this paper.

COMPUTED TEMPERATURES

The reference hegting rate quoted here is a Smple gpproximation for the sagnation level of a phere
inar. Ref. 10 has done an andysis of a sphere and a disk for the peak conditions at Venus direct
entry aerocapture, and finds a peak heating rate of 1.3 W/cm2 for a bdlute of radius 50 m, and then
a peak temperature of 712 K, based on a one-sided radiation with emissvity 0.9.  The
corresponding heeting rate for this radius evauated with the smple correation is 1.26 W/cm2, and
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the assumption of emissvity 0.5 on two SdesgivesaTmax of 686 K For a disk with rings (would

include a lens) Ref. 10 finds a heating level of 0.46 W/cm2 (Tmax = 550 K) at the center, and a
peak of 0.73 W/cm2 (Tmax = 615 K) a a shoulder assumed to be of radius5 m. The vaue taken
in the present paper is the same as for a sphere, so that the disk or lens temperatures evaluated may
be high by 60 deg, equivaent to a heeting factor of about 1.6. Incidentdly, the free-molecular
heeting for the maximum continuum point above is 2.6 W/cm?2, so that  the heeting rate will be smdl

for smdl items and for large items, and greater for items of intermediate Sze in the free stream.
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DISCUSSION

Table 1 shows the component masses for an entry of 100 kg, and Table 3 shows an entry mass of
2500 kg with aradius of 33 m. To evauate the component masses of the 33 m bdlute we scae up
amid-szed bdlute from Table 1, eg. R=8 m. The radius is to be scaed up from 8 to 33 m
about 4 times, and the mass m has to be scaled up from 100 to 2500 kg, about 25. The bdlute
fabric scales as R squared, about 16, the net scales as m (25) and R(4), i.e., about 100, and the
tubing scalesas R, about 4.  Then we have the vaues of Table 5.

Table5. Components of the Venus entry aerocapture balute.

Entry mass  radiusm mass, kg
bdlute materid net  tubing total
100 nomind 8 4.44 1.06 247 8.07
2500 33 75.5 109.3 10.2 195
whereas the graph interpolations of temperature
R up 4.125 and radius gave atotal of 157 kg. However, wecanseethaa m
up 25 the ballute material is 75 of 195 (38%), the net is 109 of 195 areaup 17.0
(55.9 %) and the tubing is 10.2 of 195 (5.2 %). TheHe
gas mass says smdl.

Of these components the basics, derived from the trgjectory parameters, are the fabric and the net,
while the tubing massis entirely assumed; however, for the large balutes called for in the large mass
Venus entries the tubing becomes a smal part of the tota.  With no margin on the basic balute
fabric and the net (the latter evaluated on the basis of the room temperature tensile limit) the masses
of the aerocapture balute and the circular orbit entry ballute are computed to be about one third of
the assumed values (15 % and 11 %). Allowing the computed mass to double when one includes
packaging, reduced strength with heating and exposure, a device to release the bdlute, etc, the
estimated mass of balutes 1 and 2 of Table 2 are about 10.5% and 7.0 %, compared with the
assumed values of 15 and 11 %. It should be noted that some of the assumptions are conservative,
eg., the srength of the PBO net and tubing may be more than the 56 kg/mm?2 assumed (see Table
5), and the drag coefficient of 2.0 for the lens or disk may be smdl (for a sphere Ref. 10 found
1.24, compared with 0.9 assumed here).  On the other hand some items are omitted, e,g, explosve
bolts to release the balute, a cover or container to hold the stowed ballute, an accelerometer
package to control ballute release, but these are probably covered by the factor of 2 suggested here
between the basic mass and the probable mass.

Data on the heat shield and structurd mass of conventiond Venus entry vehicles is not available.
The Pioneer-Venus entry probes were designed to enter at steep angles, and so had much more
gructural mass than a vehicle would require for aerocapture.  Similarly, the Pioneer-Venus probe
heat shield was designed to accept much higher heating levels, and should not be compared.  One
would guess that new materials and a light construction adapted to the immediate task would alow
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the structure and heet shield mass fraction for Venus sample return entry vehiclesto be in the vidnity
of 20-25 % of the entry mass, i.e., consderably above the present indications for balutes.
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CONCLUSIONS

Thisstudy of bdlutes for a Venus Sample Return misson indicates that balutes can be designed to
operate at temperatures on the order of 500 C and under the g-loads encountered in aerocapture at
Venus, in direct entry as if to land, and during entry from a circular orbit, and that the mass of the
balute system will probably be lower than the somewhat arbitrary 15% and 11% assumed in Ref. 7
for aerocapture and circular orbit entry, respectively.  For ballutes to be ready for project use a
development program must be followed to experimentaly vaidate concepts for packaging and
goring alarge balute for months, deploying it reliably in a matter of minutes prior to planetary entry,
proving that the aerodynamic behavior is stable and predictable, and releasing it under the control of
a reliable accdlerometer integrator syssem. The study indicates that aerocapture and entry usng
balutes enables a payload to be placed in orbit or to land without being included in a conventiona
entry vehicle with heet shidd.
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Fig. 1 Bdlute configurations:

(8 Lander configuration
(b) Orbiter configuration
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TWO NUVBERS ARE B = m/CdA, kg/m2 AND L/D
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Fig.2 DdtaV lossin an amospheric
pass versus entry angle, for balutes
and lifting bodies, Venus entry.
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Fig. 4. Peak stagnation pressure versus

100
entry angle, Venus direct entry.
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Fig. 5. Peak reference convective stagnation point heating versus entry angle, Venus direct
entry.
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Fig. 6. Peak g-load versus entry angle, Venus direct entry.
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Fig. 8. Peak bdlute temperature versus
radius for severd entry masses, Venus
direct entry and circular orbit entry.
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Fig. 9. Bdlute massfraction

(ballute mass/entry mass) versus radius
for severd masses, Venus direct entry
and circular orbit entry.
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Fig. 10. Mean free path versus Mach
number for typica balute entry into
Venus, direct and circular orbit entry.
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